Introduction
============

Small-cell lung cancer (SCLC) is an aggressive pulmonary tumor with a strong probability for early distant metastasis.[@b1-ott-9-1095] The incidence of SCLC makes up \~15% of primary lung cancers.[@b2-ott-9-1095],[@b3-ott-9-1095] SCLC is highly sensitive to initial chemotherapy and radiotherapy; however, most patients eventually die of recurrent disease.[@b4-ott-9-1095],[@b5-ott-9-1095] Although there is a high response rate of up to 70%--90% in these patients, the median survival time of patients with extensive-disease (ED)-SCLC is 12--20 months.[@b6-ott-9-1095] SCLC generally has a more rapid doubling time, a higher growth fraction, and a greater propensity for early nodal and distant metastasis.[@b7-ott-9-1095] The overall survival (OS) rate is low, with only 2%--10% of patients with either limited-disease (LD)-SCLC or ED-SCLC alive at 5 years.[@b6-ott-9-1095] Patients with ED-SCLC were incurable with the goal of symptom palliation and/or survival prolongation. The median survival time of patients with ED-SCLC was 7 months as indicated by the International Association for the Study of Lung Cancer database.[@b8-ott-9-1095] Combined chemotherapy with etoposide and cisplatin (EP) was the first-line treatment for patients with ED-SCLC. The median survival time without treatment was reported as 2--4 months.[@b9-ott-9-1095] Furthermore, another study reported a 7.1% 5-year survival rate for patients with ED-SCLC undergoing additional thoracic radiotherapy (TRT).[@b10-ott-9-1095]

However, in 2010, the European Society for Medical Oncology (ESMO) consensus recommended that patients with ED-SCLC receive TRT. The value of radiation therapy for the local primary site of the tumor remains uncertain. A single-center randomized study indicated a 5.4% 5-year improvement in a subgroup of patients with metastatic disease who had either a complete response (CR) or a partial response (PR) within the thorax and a complete remission of distant disease after initial chemotherapy with the use of concomitant TRT and chemotherapy versus chemotherapy alone.[@b11-ott-9-1095] A 15-year follow-up study showed that the median survival time of patients with ED-SCLC was 6.1 months and only 2% of the patients survived to 5 years.[@b12-ott-9-1095] Furthermore, a Phase II study indicated that the median disease-free survival time was 4.2 months, and the median OS time was 8.3 months for those receiving TRT.[@b13-ott-9-1095] Patients with elevated lactate dehydrogenase (LDH) have a poor prognosis compared to those with normal LDH, showing a reduction of 6 months in the OS.[@b14-ott-9-1095] Moreover, a Phase II study showed that the anti-CTLA4 monoclonal antibody ipilimumab, in combination with paclitaxel and carboplatin, improved immune-related progression-free survival (PFS); PFS and OS data were not yet reported.[@b15-ott-9-1095] Many factors affect the outcomes of patients with ED-SCLC. Elevated LDH, disease stage, poor performance status (PS), and multiple metastatic sites are unfavorable prognostic factors in patients with ED-SCLC.[@b16-ott-9-1095],[@b17-ott-9-1095] However, whether TRT impacts the prognosis with unfavorable factors, such as elevated LDH, remains controversial. Therefore, we hypothesized that TRT improved the survival of patients with ED-SCLC with elevated LDH compared to those without TRT.

Patients and methods
====================

Patients
--------

This is a retrospective study that was approved by the Institutional Review Board of Sun Yat-sen University Cancer Center and decided that patients' consent was not necessary for this study. A total of 94 patients with ED-SCLC who received treatment at Sun Yat-sen University Cancer Center during the period between January 2000 and March 2010 were assessed. Patients were chosen according to the flow diagram ([Figure 1](#f1-ott-9-1095){ref-type="fig"}).

ED-SCLC extends beyond the ipsilateral hemithorax and includes patients with malignant pleural or pericardial effusions defined by the Veterans Administration Lung Cancer Study Group as ED, which was more frequently used in clinical practice. Patients with ED-SCLC who were treated with TRT were enrolled. The inclusion criteria were as follows: known PS at the first diagnosis of ED, pathologically confirmed SCLC, known LDH, known metastatic sites, known survival status, and complete follow-up information. Patients who did not fulfill the inclusion criteria or those who had incomplete clinical data were excluded. We collected data on age, disease stage, date of initial diagnosis, date of death or last observation, survival time in months, PS score, serum level of LDH at diagnosis, metastatic sites, type and number of courses of first-line chemotherapy and subsequent lines of chemotherapy, key hematological and nonhematological toxicities, and result/benefit of first-line chemotherapy in terms of CR, PR, stable disease (SD), and progressive disease (PD).

Treatment
---------

All patients received first-line chemotherapy, and 35 patients received concomitant or sequential TRT. Radiotherapy was predominately used as palliative care for patients with chest lesions, mediastinal, and supraclavicular lymph nodes. The total dose of TRT ranged from 40 Gy to 60 Gy at 1.8--2.0 Gy per fraction. Of the 94 patients, 13 received whole-brain radiation therapy. All patients received chemotherapy regimens containing cisplatin or carboplatin plus etoposide or sequential paclitaxel with cisplatin as the first-line chemotherapy.

Follow-up
---------

Patients were evaluated every 2--3 months at outpatient clinics, where physical and imaging examinations were performed. All patients were followed up by telephone, with the calls by our hospital's follow-up office until November 31, 2013. The primary end point in this study was OS, defined as the length of time from the initiation of treatment after metastasis to death or the last follow-up.

Evaluation of efficacy was performed according to the criteria of the Response Evaluation Criteria in Solid Tumors (Version 1.0). Efficacy was classified as CR, PR, SD, and PD. PS evaluation was conducted using the Eastern Cooperative Oncology Group score.

Statistical analysis
--------------------

Statistical analyses were performed using Statistical Package for the Social Sciences 16.0 software. For categorical variables, data were presented as the number (percent), and the chi-square test was used to test the relationship between two binary variables. Kaplan--Meier analysis with a log-rank test was performed to create cumulative survival curves. Univariate and multivariate Cox's proportional hazard analyses of OS were performed to identify prognostic clinicopathological factors for patients with ED-SCLC. Variables with a *P*-value \<0.05 by univariate analysis were selected and evaluated by multivariate analysis. All statistical assessments were two sided, and statistical significance was set at *P*\<0.05.

Results
=======

Patient characteristics
-----------------------

The median age of all patients was 58.5 years. LDH was available for all 94 patients. The clinicopathological characteristics of the 94 patients with elevated LDH are shown in [Table 1](#t1-ott-9-1095){ref-type="table"}.

Response
--------

Apart from 13 patients who had only bone metastasis without evaluated targeted sites, the response data were retrievable from 81 patients with recurrence who received systemic chemotherapy. The efficacy of first-line chemotherapy was as high as 56.4%; CR was achieved for two patients (2.5%), PR for 42 (51.9%), SD for seven (8.6%), and PD for 30 (37%). In this study, additional TRT did not enhance the overall response rate in patients with ED-SCLC (46.4% vs 58.5%, *P*=0.300). The response frequency is shown in [Table 2](#t2-ott-9-1095){ref-type="table"}.

Survival
--------

During the follow-up period, all the 94 patients died, with a median OS of 10 months (95% confidence interval \[CI\]: 8.22, 11.78 months). The 1-, 2-, and 5-year survival rates for the 94 patients were 43.6%, 11.7%, and 2.1%, respectively ([Figure 2](#f2-ott-9-1095){ref-type="fig"}). The 1-, 2-, and 5-year survival rates for the TRT group were 56.3%, 18.8%, and 3.1%, respectively, whereas the 1-, 2-, and 5-year survival rates for the no TRT group were 30.6%, 6.5%, and 0%, respectively.

There was a significantly increased PFS in the TRT group compared with that in the no TRT group (9.0 months vs 6.0 months, *P*=0.018, [Figure 3A](#f3-ott-9-1095){ref-type="fig"}). Similarly, there was a significant difference in the median OS between the two groups (TRT group vs no TRT group, 13.0 months vs 9.0 months, *P*=0.006; 1-year survival rate: TRT group vs no TRT group, 56.3% vs 30.6%, [Figure 3B](#f3-ott-9-1095){ref-type="fig"}). In addition, patients who presented with liver metastasis had a significantly shorter median OS than patients without liver metastasis (7 months vs 11 months, *P*=0.019, [Figure 3C](#f3-ott-9-1095){ref-type="fig"}). However, patients with brain metastasis had a longer survival time compared to those without brain metastasis, with a median survival time of 10 months and 9 months, respectively, but this was not significant (*P*=0.102, [Figure 3D](#f3-ott-9-1095){ref-type="fig"}). In these patients, a few had poor PS, and there was no significant difference in OS between the PS ≤1 and PS ≥2 subgroups (*P*=0.595, [Figure 3E](#f3-ott-9-1095){ref-type="fig"}). The median survival time of female patients was longer than that of male patients in this study, but no significant difference was observed (median survival: 16 months vs 9 months, *P*=0.197, [Figure 3F](#f3-ott-9-1095){ref-type="fig"}). Among males, there was a prolonged OS in the TRT group (12.0 months; no TRT group: 9.0 months, *P*=0.038, [Figure 4A](#f4-ott-9-1095){ref-type="fig"}). There was no significant difference in OS between the two groups among females (TRT group: 17 months; no TRT group: 8.0 months, *P*=0.250, [Figure 4B](#f4-ott-9-1095){ref-type="fig"}). Among patients without prophylactic cranial irradiation (PCI), there was a prolonged survival time in the TRT group (13.0 months; no TRT group: 8.0 months, *P*=0.005, [Figure 4C](#f4-ott-9-1095){ref-type="fig"}). There was no significant difference in OS between the two groups among patients with PCI (TRT group: 17.0 months; no TRT group: 14.0 months, *P*=0.946, [Figure 4D](#f4-ott-9-1095){ref-type="fig"}). In addition, we found no significant improvement in OS in the TRT group compared to that in the no TRT group in patients presenting with liver metastasis (7 months vs 7 months, *P*=0.724) or those presenting with brain metastasis (12 months vs 10 months, *P*=0.862).

Next, potential prognostic factors for 94 patients with ED-SCLC with an elevated LDH level were analyzed by univariate and multivariate Cox's proportional hazard regression analyses. Cox's proportional hazard regression analysis identified that TRT (yes vs no; HR =0.567; 95% CI: 0.368--0.874), liver metastasis (yes vs no; HR =1.816; 95% CI: 1.069--3.083), and metastasis site (single vs multiple; HR =0.57; 95% CI: 0.368--0.881) were significant prognostic factors.

In the multivariate Cox's model, the factors favorably influencing survival were sensitivity to TRT and the number of metastatic sites ([Table 3](#t3-ott-9-1095){ref-type="table"}). However, age, PS, body mass index at initial diagnosis, PCI, brain metastasis, and liver metastasis were not significant prognostic factors.

Toxicity
--------

No treatment-related deaths were found in these patients. No difference was found in terms of leukopenia between the TRT group and the no TRT group. In addition, other toxicities did not differ significantly between these groups. Acute reactions, including esophagitis and radiation pneumonitis, were found in patients who received TRT. All hematologic and nonhematologic toxicities are shown in [Table 4](#t4-ott-9-1095){ref-type="table"}.

Discussion
==========

The present data demonstrated the significance of TRT as a strong independent factor in ED-SCLC in a contemporary patient population with elevated LDH at a single institution. In this study, the median survival time was 10 months and the 5-year survival rate was 2.1% for those with elevated LDH. In addition, we note that using TRT improved the survival of patients with ED-SCLC with elevated LDH. Furthermore, we found that patients with elevated LDH receiving chest radiotherapy had longer PFS and OS compared to those not receiving TRT.

ED-SCLC accounts for a certain subgroup of SCLC, and chemotherapy is the standard treatment to control disease progression. This disease is generally chemo sensitive, and multi-agent chemotherapy has been effective in improving OS. A current review summarizes the evidence for the role of TRT as well as PCI in combination with chemotherapy in both LD-SCLC and ED-SCLC.[@b9-ott-9-1095],[@b18-ott-9-1095] Chemotherapy is a mainstay of treatment for ED-SCLC, while the use of radiotherapy has been reserved for local symptom palliation only. Similar to the LD-SCLC, the EP regimen remains a standard of care and benefits patients with ED-SCLC.[@b19-ott-9-1095],[@b20-ott-9-1095] In addition, the role of TRT in combination with chemotherapy was also beneficial for patients with ED-SCLC. A small, single institution randomized trial demonstrated the value of consolidation TRT in patients receiving TRT, as they had a significantly increased 5-year survival rate of 5.4% compared to those treated with chemotherapy alone.[@b11-ott-9-1095] Similarly, in this study, TRT had an important role in improving the survival of patients, even though all patients were found to have elevated LDH. National Comprehensive Cancer Network (NCCN) guidelines Version 2 published in 2014 recommended that consolidative TRT might be beneficial for selected patients with ED-SCLC who were responsive to chemotherapy based on the two studies.[@b21-ott-9-1095],[@b22-ott-9-1095] The RTOG 0937 study and the NTR1527 trial are ongoing to determine the value of TRT in ED-SCLC.

Prior studies have shown that the prognostic factors for SCLC were disease extent, PS, sex, and LDH.[@b17-ott-9-1095],[@b23-ott-9-1095] Female patients had a superior survival time compared to male patients in a previous study.[@b17-ott-9-1095] According to sex, we found that TRT increased OS in male patients but not in female patients. This was partly because fewer female patients were included. In addition, no statistical significance was found in patients with PS 0--1 when compared to patients with PS 2. A study indicated that patients with elevated LDH demonstrated a short survival time in the ED subgroup when compared to patients with normal LDH.[@b14-ott-9-1095] A previous study by Zhu et al found that median OS was 17 months, while the 2- and 5-year survival rates for patients receiving TRT were 35% and 7.1%, respectively.[@b10-ott-9-1095] Similarly, we also demonstrated that elevated LDH was associated with both short PFS and OS. However, our present survival data were shorter than the data reported by Zhu et al. The reason for this might be that all patients in this study presented with high LDH. However, this finding showed that patients with high LDH also benefited from TRT, with a higher 5-year survival rate reported by the study, which should be validated in a further study.

A meta-analysis showing a survival benefit with the use of PCI in patients with SCLC has also already disclosed this advantage for a subgroup of ED-SCLC.[@b24-ott-9-1095],[@b25-ott-9-1095] This study demonstrated a significant survival benefit with the use of PCI in ED-SCLC by reducing the risk of brain metastases, which led to an expectation of improved survival time with the use of TRT via a reduction in the rate of local relapses in chemotherapy responders at distant sites. Guidelines recommended that patients with either LD-SCLC or ED-SCLC who had a good response to initial therapy should receive PCI to decrease brain metastases and increase OS.[@b19-ott-9-1095],[@b26-ott-9-1095] PCI was applied with radiotherapy in the management of SCLC and showed an improved survival time with the use of PCI in both LD-SCLC and ED-SCLC. In this study, PCI did not improve PFS and OS; however, five patients with PCI had a favorable PFS with 11 months and a favorable OS with 17 months. In addition, similar to the use of TRT with systemic treatment, there were several debated issues with the use of PCI, such as timing, dose, and fractionation.

Different metastases, such as brain and liver metastases, also affected the survival time.[@b27-ott-9-1095] Lekic et al reported that brain metastases were not a negative factor for OS if patients were treated appropriately. In this study, patients with liver metastases had an increased risk of death. However, patients with brain metastases had a similar prognosis compared to those without brain metastases. Here, whole-brain radiation therapy did not affect the survival time in both PFS and OS. In addition, the beneficial role of TRT was uncertain. We noted that patients without liver metastases benefited from TRT, but those with liver metastases did not. Similarly, no benefit from TRT was found in patients with brain metastases. We failed to conclude whether brain and liver metastases were independent factors for OS. Therefore, the presence of liver or brain metastases should be considered as potential risk factors when patients decided to receive TRT.

A previous study reported that the toxicity of grade 3 or 4 of leukopenia was more common in the TRT group compared to that in the no TRT group.[@b10-ott-9-1095] However, grade 3 or 4 toxicity did not differ significantly between the TRT and no TRT groups in this study. The median age of all patients was 58.5 years in this study, which was less than the patients in the Zhu et al study, who had a median age of 61 years. The reasonable explanation might be that more patients who were younger than 65 years in the TRT group in this study.

Conclusion
==========

In conclusion, the use of TRT improved the survival of patients with ED-SCLC. For unselected patients with ED-SCLC, TRT should be chosen based on personality. A future study should stratify patients by their LDH level.
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![The flowchart of patient selection.\
**Abbreviations:** ED-SCLC, extensive-disease small-cell lung cancer; LD-SCLC, limited-disease small-cell lung cancer; LDH, lactate dehydrogenase.](ott-9-1095Fig1){#f1-ott-9-1095}

![Overall survival time of 94 patients with elevated LDH.\
**Abbreviation:** LDH, lactate dehydrogenase.](ott-9-1095Fig2){#f2-ott-9-1095}

![PFS of patients with or without TRT (**A**), OS (**B**), OS of patients with or without liver metastases (**C**), OS of patients with or without brain metastases (**D**), and OS of patients stratified by PS (**E**) and sex (**F**).\
**Abbreviations:** OS, overall survival; PFS, progression-free survival; PS, performance status; TRT, thoracic radiotherapy.](ott-9-1095Fig3){#f3-ott-9-1095}

![Comparison of OS between the TRT and no TRT groups according to sex and based on PCI: male (**A**), female (**B**), PCI (**C**), and no PCI (**D**).\
**Abbreviations:** OS, overall survival; PCI, prophylactic cranial irradiation; TRT, thoracic radiotherapy.](ott-9-1095Fig4){#f4-ott-9-1095}

###### 

Baseline patient characteristics at initial diagnosis

  Variables                                                    N    \%     TRT group   No TRT group   *P*-value
  ------------------------------------------------------------ ---- ------ ----------- -------------- -----------
  Age of diagnosis                                                                                    
   \<70 years                                                  76   74.5   24          52             0.30
   ≥70 years                                                   18   25.5   8           10             
  Sex                                                                                                 
   Male                                                        83   89.3   26          57             0.127
   Female                                                      11   11.7   6           5              
  ECOG PS score                                                                                       
   0--1                                                        87   92.6   30          57             1
   2                                                           7    7.4    2           5              
  Metastasis sites                                                                                    
   Single                                                      45   47.9   14          31             0.565
   Multiple                                                    49   52.1   18          31             
  Liver metastasis[a](#tfn1-ott-9-1095){ref-type="table-fn"}                                          
   Yes                                                         18   19.1   2           16             0.022
   No                                                          76   80.9   30          46             
  Brain metastasis[b](#tfn2-ott-9-1095){ref-type="table-fn"}                                          
   Yes                                                         25   26.6   10          15             0.463
   No                                                          69   73.4   22          47             
  Bone metastasis                                                                                     
   Yes                                                         13   13.8   3           10             0.369
   No                                                          81   86.2   29          52             
  LDH (U/L)                                                                                           
   226--450                                                    71   75.5   22          49             0.431
   451--675                                                    12   12.8   6           6              
   \>675                                                       11   11.7   4           7              
  PCI                                                                                                 
   Yes                                                         5    5.3    3           2              0.208
   No                                                          89   94.7   29          60             

**Notes:**

Includes 17 patients with single liver metastasis.

Includes ten patients with a single metastasis of the brain.

**Abbreviations:** ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; PCI, prophylactic cranial irradiation; PS, performance status; TRT, thoracic radiotherapy.

###### 

Response rate of all patients after first-line chemotherapy

  ------------------------------------------------------------------
  First-line response   TRT\     \%     No TRT\   \%     *P*-value
                        (n=32)          (n=62)           
  --------------------- -------- ------ --------- ------ -----------
  CR                    3        9.4    1         1.6    0.102

  PR                    12       37.5   37        59.7   

  SD                    3        9.4    5         8.1    

  PD                    14       43.8   19        30.6   
  ------------------------------------------------------------------

**Abbreviations:** CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease, TRT, thoracic radiotherapy.

###### 

Multivariate analysis of prognostic factors by Cox's regression model

  Variables                              HR      95% CI for HR   *P*-value   
  -------------------------------------- ------- --------------- ----------- -------
  Sex (female vs male)                   0.906   0.455           1.801       0.777
  TRT (yes vs no)                        0.569   0.344           0.941       0.028
  PCI (yes vs no)                        0.755   0.314           1.816       0.531
  WBRT (yes vs no)                       0.815   0.422           1.574       0.542
  Metastasis site (multiple vs single)   0.543   0.318           0.926       0.025
  Liver metastasis (yes vs no)           1.050   0.499           2.210       0.898
  Brain metastasis (yes vs no)           1.531   0.887           2.641       0.126
  PS (≤1 vs \>1)                         1.028   0.457           2.313       0.946
  Age (\>70 years vs ≤70 years)          1.293   0.847           1.973       0.234
  BMI (≤18.5 vs \>18.5)                  0.981   0.911           1.057       0.614

**Abbreviations:** BMI, body mass index; CI, confidence interval; HR, hazard ratio; PCI, prophylactic cranial irradiation; PS, performance status; TRT, thoracic radiotherapy; WBRT, whole-brain radiotherapy treatment.

###### 

Adverse events summarized by treatment group

  Toxicity (grades 3--4)    TRT group (%) (n=32)   No TRT group (%) (n=62)   *P*-value
  ------------------------- ---------------------- ------------------------- -----------
  Leukopenia                9 (28.1)               15 (24.2)                 0.679
  Thrombocytopenia          1 (3.1)                5 (8.1)                   0.667
  Anemia                    1 (3.1)                3 (4.8)                   1
  Nonhematologic toxicity                                                    
   Nausea                   1 (3.1)                1 (1.6)                   1
   Vomiting                 1 (3.1)                1 (1.6)                   1
   Fatigue                  0                      0                         --
  TRT-induced toxicity                                                       
   Esophagitis              1                      0                         --
   Pneumonitis              1                      0                         --

**Abbreviation:** TRT, thoracic radiotherapy.
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